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Stroke in Women
By Hanne Christensen, MD, PhD, DMSci; Cheryl Bushnell, MD, MHS

ABSTRACT
PURPOSE OF REVIEW: This article reviews sex differences in stroke risk and
presentation, with a particular emphasis on the unique risk factors women
experience throughout the lifespan.

RECENT FINDINGS: Although prior studies suggested women have worse
outcomes after stroke, it is now clear that age, prestroke functional status,
and comorbidities explain many of the differences between men and women
in stroke severity, functional outcomes, and mortality. Several meta-analyses
and large cohort studies have evaluated the risk factors for women related
to reproductive factors and found that fewer years between menarche and
menopause, pregnancy complications (preeclampsia/eclampsia, preterm
delivery, and stillbirth), oophorectomy, hormone replacement therapy use,
and younger age at menopause all increase the risk of stroke. Although the
nonreproductive risks of stroke overlap between men and women, those
with greater impact on women include age, hypertension, atrial fibrillation,
socioeconomic status, and depression.

SUMMARY: Significant sex differences are observed in risk factors of stroke
and stroke outcome. Including this information in the clinical assessment
of the individual patient may support development of more effective
prevention plans.
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holistic care of patients with stroke throughout the continuum.
Significant advances have been made in the field of sex differences in
stroke in the past decade, in particular, identification of the factors that

confound stroke outcomes. We have overwhelming evidence that age, prestroke
functional status, and comorbidities explain many of the differences between men
and women in stroke severity, functional outcomes, and mortality. However, sex
differences also exist in stroke presenting symptoms and the likelihood of a stroke
mimic, which can affect the timeliness of the acute stroke evaluation. In addition,
unique biological factors throughout the lifespan that affect stroke in women, such
as age atmenarche, use of hormonal contraception, pregnancy,menopause, and use
of hormone replacement therapy, have been relatively well studied recently. This
article reviews the impact of these factors and highlights stroke risk factors that
women and men share that may be more prevalent in women.

EPIDEMIOLOGY OF STROKE IN WOMEN
Worldwide, stroke incidence, prevalence, and mortality are higher in men than
women in developing countries, except in Arab countries in the Middle East
CONTINUUMJOURNAL.COM 363

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:cbushnel@wakehealth.edu
mailto:cbushnel@wakehealth.edu


STROKE IN WOMEN

364

Copyright © Ame
and North Africa, where the stroke mortality is higher in women.1 In Israel,
women have a higher stroke mortality than men, and in western Europe, the
stroke incidence is higher or similar in women compared with men.1

In theUnited States, important sex differences are seen in stroke epidemiology
by age and ethnic groups. For example, the prevalence of stroke is similar
between men and women from 20 to 59 years of age but higher in men
between 60 and 79 years of age (6.5% in men versus 5.4% in women) and
higher in women older than 80 years of age (13.4% in women versus 11.5% in
men) (FIGURE 7-1).2 The probability of death in the first year after stroke in
men and women differs widely by age and ethnicity, with the highest rate
observed in white women older than 75 years of age (36%), followed by white
men (33%), black women (27%), and black men (25%).2

An analysis of the Greater Cincinnati/Northern Kentucky Stroke Study, a
study that is representative of the general US population, was done to assess
sex-specific stroke trends from 1993–1994, 1999, 2005, and 2010. Overall, women
were about 4 years older than men at the time of stroke (72.4 years versus
68.2 years). However, when analyzing the stroke incidence trends in this cohort
over these time points, it was apparent that the incidence of stroke decreased in
men but not inwomen. Thiswas despite an equivalent (and significant) trend for
increasing risk factors such as hypertension, diabetesmellitus, and hyperlipidemia
over time in both sexes. This study was not designed to assess the quality of
risk factor management, so whether this was a factor in the trends of incidence
is not known. The conclusion from this time trend study was that the overall
decrease in stroke incidence was driven by the decrease in men, but not women
(FIGURE 7-2).3
FIGURE 7-1
Prevalence of stroke by age and sex.
Reprinted with permission from Benjamin EJ, et al, Circulation.2 © 2019 American Heart Association, Inc.
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FIGURE 7-2
Ischemic stroke incidence rates and trends over time by sex. Incidence rates were adjusted
by age and race. P values for comparisons made between 1993/1994 and 2010 were P<.001 in
men and P=.09 in women.
Reprinted with permission from Madsen TE, et al, Neurology.3 © 2017 American Academy of Neurology.

KEY POINT

● Although the incidence of
stroke up to 2010 appeared
to be decreasing overall,
this trend is driven by a
decrease in incidence in
men, not women.
Since women live longer than men and have a higher lifetime risk of stroke
(17% versus 15% after age 50),4 it is important to focus on the epidemiology of
stroke in older women. By applying age-specific and sex-specific data from the
US Census Bureau and US stroke mortality data, 32,000 more stroke deaths
occurred in white women versus white men in the year 2000, and this number is
projected to reach 68,000 more deaths in white women than in white men by
2050.5 Projections yielded similar results in other ethnicities. INSTRUCT
(INternational STRoke oUtComes sTudy), a pooled analysis of 13 population-based
studies in Europe, Australasia, South America, and the Caribbean between 1987
and 2013, showed that the crude mortality rate was higher for women than men,
but this was reversed after adjustment for age, prestroke functional limitations,
stroke severity, and history of atrial fibrillation.6 This analysis clearly illustrates the
importance of including these variables in any outcome analysis of sex differences,
especially mortality.

Now that we are in the era of endovascular treatment for ischemic stroke
due to large vessel occlusions, the focus has shifted from mortality to survival
with mild to moderate disability.7–9 Because women obtain the same benefit
from this treatment as men based on a pooled analysis of the clinical trial
participants7 and successful revascularization appears to be more important
than age in predicting outcome,10 their increased survival will likely lead
to more women with cognitive and physical disability from stroke in the
future.

RISKS UNIQUE TO WOMEN ACROSS THE REPRODUCTIVE LIFESPAN
Women have unique biological and pharmacologic factors that pose potential
risks for stroke based on reproductive and hormonal changes throughout the
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lifespan. These include age of menarche, use of hormonal contraception,
pregnancy, and menopause.

The relationship between the onset of menarche and stroke is of interest but
varies depending on the outcome of incidence versus mortality. One of the
largest studies to attempt to examine this was the United Kingdom Million
Women Study, which included more than 1 million middle-aged UK women
between 60 and 64 years of age. Interestingly, a U-shaped relationship was seen
Causes of and Risk Factors for Stroke in Pregnancya

Cause/Risk Factor
Ischemic
Stroke

Hemorrhagic
Stroke

African American race X X

Amniotic fluid embolism X

Antiphospholipid antibody syndrome X

Arteriovenous malformationb X

Atrial fibrillation X

Cardioembolism/congenital heart defects X

Cerebral aneurysmb X

Cervical artery dissection X

Choriocarcinoma X

Chronic kidney disease X X

Coagulopathy X X

Congestive heart failure X

Diabetes mellitus X

HELLP (hemolysis, elevated liver enzymes, and
low platelet count) syndrome

X X

Hypertensive disorders of pregnancyc X X

Migraine X X

Older age X X

Peripartum cardiomyopathy X

Peripartum infection X X

Posterior reversible encephalopathy syndrome (PRES) X X

Primary thrombocytopenia X X

Reversible cerebral vasoconstriction syndrome X X

Systemic lupus erythematosus X

a Data from Swartz RH, et al, Int J Stroke15 and Hovsepian DA, et al, Stroke.18
b Subarachnoid hemorrhage.
c Includes prepregnancy hypertension.
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KEY POINT

● Age at menarche at
10 years of age or younger
increases the risk of stroke
later in life by about 25%.
between age at menarche and risk of incident stroke.11 Those women with onset
of menarche at age 13 had the lowest risk of cerebrovascular disease, whereas
those with onset earlier than age 10 or after age 17 had the highest risks. The
pattern for incident coronary heart disease was similar, but a higher relative risk
was seen for coronary heart disease than for cerebrovascular disease.11 Similarly,
the Nurses’ Health Study showed that menarche at an extremely early age
(10 years or younger) was associated with a 1.25 times greater risk of nonfatal or
fatal stroke (odds ratio, 1.25; 95% confidence interval [CI], 1.07 to 1.46).12

However, a systematic review of age at menarche and risks of all-cause and
cardiovascular death found no association between age at menarche and death
from stroke.13 One possible explanation for the stroke and cardiovascular disease
risk associated with very early age at menarche could be childhood obesity,
which is associated with higher exposure to endogenous estradiol and earlier
onset of puberty.14

PREGNANCY-RELATED STROKE
Although it is uncommon, pregnant and postpartum women are at 3 times
higher risk of stroke than other young adults.15 A 2017 systematic review and
meta-analysis of 11 studies reported a crude incidence rate of 30.0 per 100,000
pregnancies (95% CI, 18.8 to 47.9), and the rates for ischemic stroke, cerebral
venous sinus thrombosis, and intracerebral hemorrhage are roughly equal within
this combined rate.15 Incidence according to the timing of stroke is approximately
18.3 per 100,000 during the antepartum (before delivery)/peripartum
(immediately before and during delivery) period and 14.7 per 100,000 during
the postpartum (after delivery) period.15 However, pregnancy-related stroke
incidence has been increasing over time, particularly postpartum, as shown by
an 83% increase from 1994 to 2007. This was related to a concurrent increase in
heart disease and hypertension during this same time period.16

Hypertensive disorders of pregnancy, including preeclampsia, eclampsia, and
gestational hypertension, are associated with both ischemic and hemorrhagic
stroke as well as underlying vasculopathies leading to both stroke types, such as
reversible cerebral vasoconstriction syndrome (RCVS) and posterior reversible
encephalopathy syndrome (PRES).15 In addition, preeclampsia/eclampsia is
associated with both preterm birth and late-term/postpartum complications.
Hypertensive disorders of pregnancy, which increased in prevalence from 1994
to 2011, confer a more than a fivefold increase in the risk of stroke compared
to women without these conditions.17 If women have congenital heart disease
(odds ratio, 13.1; 95% CI, 9.90 to 18.90), atrial fibrillation (odds ratio, 8.1; 95%
CI, 4.4 to 14.9), primary thrombocytopenia (odds ratio, 5.5; 95% CI, 3.05 to 9.93),
or migraine (odds ratio, 4.5; 95% CI, 3.4 to 5.9) in addition to one of these
hypertensive disorders, the risk increases substantially.17 Of note, if
anticoagulation for stroke prevention is indicated, as with atrial fibrillation or
stroke from a hypercoagulable state before pregnancy, guidelines recommend
low-molecular-weight heparin with or without low-dose aspirin (less than
100 mg/d) for thromboprophylaxis during pregnancy. The causes of and risk
factors for ischemic stroke and hemorrhagic stroke during pregnancy and
postpartum are listed in TABLE 7-1.15,18 The most common causes of ischemic
stroke are cardioembolism, coagulopathy, and preeclampsia/eclampsia, whereas
aneurysm, arteriovenous malformation, preeclampsia/eclampsia, HELLP
(hemolysis, elevated liver enzymes, and low platelet count) syndrome, and
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coagulopathy are the most common causes of hemorrhagic stroke during
pregnancy.15 Risk factors for both stroke types during pregnancy overlap with
those noted for nonpregnant young adults, but those unique to pregnancy
include peripartum cardiomyopathy, choriocarcinoma, and amniotic fluid
embolus, the latter of which is very rare.

Given the fact that peripartum stroke affects youngmothers and families, data
related to mortality and disability are important. An administrative study of
hospital discharges reported a case fatality rate of 4.1% and mortality rate of 1.4
per 100,000 deliveries for pregnancy-related stroke. Also, 22% of women with
pregnancy-related strokes were discharged to facilities other than home, which
was significantly higher than the 3% of all other pregnancy-related discharges.19

For hypertensive disorders of pregnancy, cerebrovascular complications make
up about 40% of maternal deaths.20 In an analysis of women with hypertensive
disorders of pregnancy and stroke compared to women without hypertensive
disorders of pregnancy and stroke, a 29% increased risk of death during
hospitalization (odds ratio, 1.29; 95% CI, 1.02 to 1.64), a 93% increased risk of
mechanical ventilation (odds ratio, 1.93; 95%CI, 1.63 to 2.25), and a 23% increased
chance of discharge to a facility rather than home (odds ratio, 1.23; 95% CI, 1.08
to 1.40) were seen.17

Acute stroke imaging is critical for treatment decisions, and pregnant women
are no exception. Noncontrast CT imaging for acute stroke is acceptable during
all trimesters and postpartum, particularly because the risk of missing the
diagnosis of a stroke outweighs the risk of the radiation. Similarly, iodinated
contrast, which is required for CT angiography and perfusion, is considered
acceptable if the information, such as confirmation of a large vessel occlusion,
cannot be acquired without contrast. MRI without gadolinium is considered safe
in pregnant women regardless of gestational age when the information gained
from the imaging cannot be delayed until after delivery.21

Treatment of acute ischemic stroke in pregnancy has been somewhat
controversial because of a lack of randomized controlled trials and the ethical
issues surrounding mother and fetus. However, the Canadian Stroke Best
Practices Consensus Statement recently provided recommendations for the
management of pregnant womenwith an acute stroke.22 These guidelines state it
is reasonable to consider giving IV alteplase to a pregnant woman who otherwise
meets the thrombolysis criteria and has a disabling ischemic stroke, but this
should be performedwith the guidance of an interdisciplinary team that includes
vascular neurology, maternal-fetal medicine, and interventional radiology or
vascular neurosurgery and consideration of the wishes of the patient and her
family or next of kin. Alteplase does not cross the placenta and is not expected to
increase the risk of intracranial or systemic bleeding in the fetus, so the decision
to administer this drug is based on maternal bleeding risk associated with the
acute stroke. Thrombolytics administered in the early postpartum period are
associated with an increased risk of bleeding, so this is another consideration in
women with stroke within 48 hours of delivery. Endovascular thrombectomy is
also an option for large vessel occlusions in a pregnant woman (with appropriate
abdominal shielding and limited use of x-ray exposure). It could be considered
reasonable to forgo IV alteplase for a woman with known large vessel occlusion
whomeets criteria for thrombectomy after weighing all risks and benefits of both
options, if the increased risk ofmaternal bleeding is likely to outweigh the benefit
of adding IV alteplase to endovascular therapy.22 Recommendations are also
APRIL 2020
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KEY POINTS

● Women with
preeclampsia have an
increased risk of both
ischemic and hemorrhagic
stroke in the peripartum and
postpartum periods, and
this risk increases with
additional comorbidities
such as atrial fibrillation,
migraine, or congenital heart
disease.

● Pregnant women with an
acute stroke may be
candidates for either IV
thrombolysis or
thrombectomy; referral to a
center with multidisciplinary
expertise is essential for
these treatment decisions.

●Hypertensive disorders of
pregnancy increase the risk
of multiple vascular
complications later in life,
including hypertension,
stroke, heart disease, heart
failure, and cerebral
microvascular disease.
provided for treatment of pregnant women with hemorrhagic stroke, with a
focus on blood pressure management for intracerebral hemorrhage and imaging
to diagnose and treat aneurysms or arteriovenous malformations.22

Secondary prevention of ischemic stroke for women with a stroke during
pregnancy or those who have a history of stroke and are at high risk (such as with
multiple strokes or the presence of atrial fibrillation) and wish to become
pregnant is also covered in detail in the Canadian Stroke Best Practices Consensus
Statement, again encouraging an interdisciplinary approach for management
(TABLE 7-2 and CASE 7-1).23

Another risk of stroke unique to women is the long-term consequence of
pregnancy complications, specifically of hypertensive disorders of pregnancy.
Women who have had hypertensive disorders of pregnancy have 3.7 times the
risk of new-onset hypertension after 14 years of follow-up compared to women
who have not had hypertensive disorders of pregnancy.24 A 2017 systematic
review and meta-analysis reported that women who have had hypertensive
disorders of pregnancy have 1.8 times the cumulative increased risk of stroke in
the years following childbearing.25 Interestingly, the complications are not
limited to stroke, but hypertensive disorders of pregnancy also confer a 4 times
greater risk for heart failure, a 2.5 times greater risk of coronary heart disease, and
a 2.2 times greater risk of cardiovascular death.25 Other important consequences
of hypertensive disorders of pregnancy are a greater extent of white matter
lesions (especially in the temporal lobe), altered microstructural integrity, and
reduced cortical volume compared to women without hypertensive disorders of
pregnancy.26 One population-based study of death certificates in Utah reported
an increased risk of all-causemortality (adjusted hazard ratio, 1.65; 95%CI, 1.57 to
1.73) in women with hypertensive disorders of pregnancy. The greatest excess
mortality for women with hypertensive disorders of pregnancy was with death
from Alzheimer disease, diabetes mellitus, ischemic heart disease, and stroke.27

CEREBRAL VENOUS SINUS THROMBOSIS
Thrombosis of the cerebral veins or venous sinus is an uncommon cause of stroke
(less than 0.5% to 1% of all strokes) and tends to occur more frequently in young
adults. Women are affected by cerebral venous sinus thrombosis 3 times more
often than men. Cerebral venous sinus thrombosis may be associated with
acquired or genetic (ie, thrombophilias) risk factors; among those that are
acquired include transient triggers, such as pregnancy, puerperium, surgery,
trauma, or exogenous hormones. Cancer or antiphospholipid syndrome may be
considered a permanent trigger. Women with sex-specific risk factors have a far
better prognosis than men or older women.28

The most common presenting sign of cerebral venous sinus thrombosis is
headache, followed by seizure, but focal signs or symptoms are uncommon.
Cerebral venous sinus thrombosis is diagnosed with imaging that could include
CT and CTvenography, orMRI andMR venography, althoughMRI is considered
more sensitive.29 Management of cerebral venous sinus thrombosis includes
parenteral anticoagulation, regardless of the presence of hemorrhage due to
venous congestion, and low-molecular-weight heparin is recommended as itmay
be more safe and effective than unfractionated heparin to be followed by oral
anticoagulation with vitamin K antagonists or dabigatran etexilate generally
recommended for 3 to 12 months.30,31 During pregnancy, treatment of cerebral
venous thrombosis includes low-molecular-weight heparin subcutaneously at
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TABLE 7-2

Approach

Prepregnancy counseling

Discuss future pregnancy and

Ensure previous stroke etiolog
prevention strategies are in p

Discuss contraception option
progesterone-only or nonhorm
estrogen-containing contrace

Stroke risk factor assessment
normal body mass index, smo

Review medications for poten

Communication between hea

Antenatal and intrapartum risk

Screen for and assess vascula

Individualized stroke preventi
history, stage of pregnancy, s
goals and preferences

Postpartum stroke prevention m

Educatewomenon signs and
time [FAST], and call 911) beca

Women with diabetes mellitu
conditions may need close po

Review long-term stroke prev

Prior stroke is not a contrai

Women with a prior stroke
care for the baby

Stroke prevention medicati
breast-feeding; if high risk f
anticoagulation with either lo

a Data from Swartz RH, et al, Int J Stro
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therapeutic doses. For women with a history of cerebral venous sinus
thrombosis, pregnancy is not contraindicated as long as prophylactic
low-molecular-weight heparin is administered during pregnancy.32

HORMONAL CONTRACEPTION
The risk of ischemic stroke is estimated to be about 2 times higher in those
who use estrogen-containing oral contraceptives than in nonusers, but this risk
Approach to Secondary Prevention of Stroke for Women With a History of
Stroke During or Outside of Pregnancya

Suggested Providers

risk of recurrent stroke Neurology, vascular neurology

y was fully investigated and appropriate secondary
lace

Neurology, vascular neurology

s: progesterone-only oral contraception,
onal intrauterine devices, or barrier contraception;

ptives should be avoided in most cases

Gynecology, primary care, neurology

and lifestyle factors: healthy diet, regular exercise,
king cessation, alcohol use

Obstetrics/gynecology, primary
care, neurology, vascular neurology

tial teratogenicity Obstetrics/gynecology, primary care

lth professionals regarding care plan Obstetrics/gynecology, primary
care, neurology, vascular neurology

factor screening for women with a history of stroke

r risk factors, counsel for healthy lifestyle behaviors Obstetrics/gynecology, neurology,
vascular neurology

on management plans developed based on medical
troke type/etiology, stroke recurrence risk, personal

High-risk obstetrics/gynecology
(maternal fetal medicine), neurology,
vascular neurology

anagement for women with a history of stroke

symptoms of stroke andwhat to do (face, arm, speech,
use the first 6 weeks postpartum is highest risk period

Neurology, vascular neurology,
obstetrics/gynecology, primary care

s, hypertension, preeclampsia, or other high-risk
stpartum monitoring

Obstetrics/gynecology, primary care

ention plan and breast-feeding

ndication to breast-feeding

may need assistance for this task and other tasks to

ons should be evaluated for compatibility with
or thromboembolism in the first 6 weeks postpartum,
w-molecular-weight heparin or warfarin is a safe option

Neurology, vascular neurology

ke.23
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varies based on the estradiol dose, according to two meta-analyses and a large
population-based case-control study.33–35 A 2015 Cochrane Review confirmed a
1.7 times greater risk of stroke and a similar magnitude of increased risk with
increased doses of estrogen.36 However, progestin-only contraception (including
pills, injectables, implantables, and intrauterine devices) confer no significant
increased risk of stroke or acute myocardial infarction to users compared to
nonusers.37 A systematic review found no increased risk of arterial
CASE 7-1A healthy 24-year-old woman, gravida 1, para 0, delivered a healthy baby
boyby cesarean delivery. Twelve days after delivery, she developed right
leg weakness and had a seizure. On evaluation, she had very high blood
pressure, and her MRI showed two separate hemorrhages (not shown),
with fluid-attenuated inversion recovery (FLAIR) images showing
vasogenic edema suggestive of posterior reversible encephalopathy
syndrome (PRES) (FIGURE 7-3). She described later that she had been very
edematous in her face and her limbs, and her blood pressure had
increased before delivery but not to the typical cutoff to qualify as
preeclampsia (>140/90 mm Hg). She was treated for postpartum
eclampsia with IVmagnesium and discharged with no neurologic deficits.

Two years after the eclamptic
event, she presented with intermittent
episodes of right-sided numbness.
MRI repeated at that time showed only
minimal changes as a result of the
prior hemorrhage. She was diagnosed
with partial seizures and treated with
lamotrigine. She then developed
extremely painful cystic ovaries and
was prescribed an oral contraceptive.
The oral contraceptive, however, led
to increased clearance of lamotrigine,
lowered blood levels, and, thus, an
increase in her seizures, so the oral
contraceptive was ultimately stopped.

After another 2 years, she became
pregnant again and struggled with
lamotrigine dosing and seizure control
during pregnancy. Near the time of
delivery, she again developed
preeclampsia but did not have any
cerebrovascular complications.

COMMENTThis case illustrates the immediate and long-term consequences of
eclampsia; in addition, women who have had eclampsia are at risk for
hypertension, cardiovascular disease, and, most important, stroke within
10 years of childbearing.

FIGURE 7-3
Imaging of the patient in CASE 7-1.
Coronal fluid-attenuated inversion
recovery (FLAIR) MRI showing bilateral
posterior parietal hyperintensities
consistent with vasogenic edema from
posterior reversible encephalopathy
syndrome (PRES).
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thromboembolism with contraceptive patches compared to oral contraceptives,
but venous thromboembolism was higher in patch users than in oral users.38

Women who have a history of stroke are generally recommended to avoid
estrogen-containing hormonal contraception (TABLE 7-2).39

MENOPAUSE, VASOMOTOR SYMPTOMS, AND HORMONE
REPLACEMENT THERAPY
Menopause can be defined as the absence of menstrual periods for at least 12
consecutive months. The average age of menopause is 51 years, ranging from
40 to 60 years.40 Reduced endogenous estrogen synthesis, which is a sign of
reproductive and somatic aging, is at the core of the physiologic changes of
menopause. Estrogen has a protective effect on vessels41; thus, longer deprivation
of this estrogen benefit as women agewould theoretically occur with earlier age of
onset of menopause. Therefore, age of onset of menopause is an important
potential sex-specific risk factor for cardiovascular disease and stroke later in life.
Studies of age of spontaneous onset of menopause excluded women with
menopause as a result of hysterectomy/oophorectomy. The onset ofmenopause at
45 years or younger is considered early, but the risk of stroke is uncertain based on
mixed results.42 Ameta-analysis of 32 studies reported no increased risk of overall
stroke with age at menopause younger than 45 years (relative risk, 0.99; 95% CI,
0.92 to 1.07) and a small but significant increased risk of strokemortality (relative
risk, 1.19; 95% CI, 1.08 to 1.31).43 The risk of overall coronary heart disease, in
contrast, was 1.5 times higher for early menopause (relative risk, 1.5; 95% CI, 1.28
to 1.76).43 Age atmenopause younger than 40 years, however, was associatedwith
a higher risk of cardiovascular disease (relative risk, 1.32; 95%CI, 1.16 to 1.51), total
stroke (relative risk, 1.25; 95% CI, 1.04 to 1.51), and total coronary heart disease
(relative risk, 1.37; 95% CI,1.14 to 1.63) in the Nurses’ Health Study,12 suggesting
that very early age of spontaneous menopause onset is an important factor.

In addition to studying the onset of menopause and stroke risk, some studies
have included an analysis of the reproductive lifespan. This is measured by
subtracting the age at menarche from the age at menopause. An analysis of the
Nurses’ Health Study found that a reproductive lifespan of 30 years or less was
independently associated with an increased risk of total stroke after adjustment
for relevant demographics, stroke risk factors, use of oral contraceptives or
hormone replacement therapy, and type of menopause (natural versus surgical)
(relative risk, 1.27; 95% CI, 1.06 to 1.52).12 In addition, reproductive lifespan, age
at menopause, and age at menarche were all significantly associated with total
cardiovascular disease risk in women who never used hormone therapy.12 Again,
the putative mechanisms for these risks likely pertain to the shortened exposure
to beneficial endogenous estradiol and subsequent increases in higher-risk lipid
profiles contributing to atherosclerosis.12

Vasomotor symptoms, which include hot flushes and night sweats, are
associated with the menopausal transition. Up to 82% of women undergoing
menopause experience these symptoms, and the intensity and duration
of the symptoms vary.44 A systematic review reported that women with
vasomotor symptoms had increased risks of coronary heart disease, stroke,
and cardiovascular disease compared to women without symptoms, but the
risk of stroke was attenuated after adjustment for established cardiovascular
risk factors.45 Vasomotor symptoms may be associated with a higher
prevalence of cardiovascular disease risk factors (such as hypertension and
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KEY POINT

●A reproductive lifespan of
less than 30 years (age of
menarche subtracted from
the age at menopause) is
associated with an
increased risk of stroke.
hyperlipidemia), and the interrelationship between the autonomic nervous
system and other mental health aspects of menopause, such as anxiety,
depression, panic attacks, and poor sleep, could thereby increase the
cardiovascular risk.46

Hormone replacement therapy is presently used to reduce vasomotor
symptoms. The impact of hormone replacement therapy—especially with
estrogen—on thromboembolic diseases has been studied extensively. The
present understanding is that late (>10 years after menopause) introduction of
hormone replacement therapy increases risk of thromboembolic events, whereas
early introduction confers little to no risk.47,48 Further, transdermal estrogen is
safer than oral but remains underused.49,50 A practical guide to the
recommendation of hormone replacement therapy based on evidence from the
Women’s Health Initiative and other studies was published in 2014.51 This
algorithm guides the clinician based on the presence of vasomotor symptoms,
the patient’s history of cardiovascular disease or stroke, and the 10-year risk of
coronary heart disease based on the Framingham Risk Score. Key factors in
whether prescription may be safe include the degree of future coronary heart
disease risk and the years since the last menstrual period. In general, as stated
above, hormone replacement therapy should be avoided inwomenwho aremore
than 10 years frommenopause or who have significant risk factors or have had a
cardiovascular disease event (FIGURE 7-4 and CASE 7-2).51

To summarize the unique risks for women, a systematic review and meta-
analysis assessed all sex-specific risks of stroke, including those relating to
preterm birth, spontaneous abortion, stillbirth, oophorectomy, hysterectomy,
andmenopause.52 In addition, male-specific risks related to androgen-deprivation
therapy, orchiectomy, and erectile dysfunction were summarized, illustrating
FIGURE 7-4
Flowchart for identifying appropriate women for postmenopausal hormone therapy (HT).
CHD = coronary heart disease; TIA = transient ischemic attack.

Reprinted with permission from Manson JE, Fertil Steril.51 © 2014 American Society for Reproductive

Medicine.

CONTINUUMJOURNAL.COM 373

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



CASE 7-2 A 58-year-old woman with a history of type 1 diabetes mellitus since her
late twenties had multiple brief episodes of diplopia and vertigo over the
course of several weeks. She sawher primary care provider, who ordered
anMRI of the brain, which showedmultiple small subacute infarcts in the
posterior circulation, multifocal microvascular disease, and old lacunar
infarcts.

Neurological consultation was obtained, and vascular workup with CT
angiography of her head and neck showed no evidence of vasculopathy.
A transthoracic echocardiogram showed a patent foramen ovale (PFO),
which was confirmed with a transesophageal echocardiogram, and
considered to be high risk for recurrent stroke. Her PFOwas closed by an
interventional cardiologist, and she was placed on aspirin 325 mg/d and
clopidogrel 75 mg/d.

Her hematologic workup revealed a positive lupus anticoagulant
screen and confirmation assay, and her β2-glycoprotein I IgG was mildly
positive. She admitted that her diabetes mellitus had been poorly
controlled for the past 12 to 18months, with a hemoglobin A1c of 8.3%. She
also admitted that she had been taking conjugated equine estrogen
0.3125mg plus cyclic medroxyprogesterone since her earlymidforties for
vasomotor symptoms, but she had not revealed this to the neurologists
treating her for the stroke.

She stopped the hormone replacement therapy at the advice of her
neurologist and improved her diabetes control. Repeat antiphospholipid
testing performed 6 to 9 months after her stroke and after the initial
positive testing was normal.

Two years after her PFO closure, she stopped clopidogrel with
approval from her cardiologist. However, 2 weeks later, she had
recurrent diplopia and vertigo symptoms. MRI again showed new, tiny,
subacute infarcts in the posterior circulation, so she was started back on
clopidogrel.

Less than 1 year after the recurrent strokes, she was diagnosed with
ovarian cancer. She underwent surgical resection and received
chemotherapy, and her cancer went into remission.

COMMENT This case illustrates several important points about stroke in women. First,
a complete list of the patient’s medications should always be obtained,
and patients who are perimenopausal or postmenopausal should be asked
about the use of hormones of any kind. Second, antiphospholipid
antibodies can be positive in the setting of poorly controlled cardiovascular
risk factors (in this case, diabetes mellitus) and in cancer. Most likely, the
ovarian cancer and her hormone replacement therapy use (during the first
occurrence of strokes) contributed to her hypercoagulability. In a patient
with PFO, clots can form at the site; following PFO closure in this patient,
clot formation on the closure device after stopping the clopidogrel likely
contributed to the embolic-appearing strokes.
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KEY POINT

● Women have strokes at
older ages and tend to have
lower levels of education
than men, so it is important
to tailor necessary
resources accordingly.
that men have a mild to moderately significant risk for stroke with these
conditions.52

UNMODIFIABLE RISK FACTORS COMMON TO MEN AND WOMEN
Some stroke risk factors, including age and socioeconomic status,
are unmodifiable.

Age
The risk of stroke increases with increasing age,53 and as women live longer
than men, their accumulated risk of stroke is greater. At the time of stroke,
women are older than men, but that does not lessen the importance of secondary
prevention. Individualized treatment decisions should include consideration of
multimorbidity and primary prevention, the risks of polypharmacy, and the lack
of evidence of benefit from some prevention strategies in the oldest-old (older
than 85 years of age) as well as in severe dementia.54 Involving the patient and
family members in these decisions and stating the pros and cons of a variety of
options often simplifies the issue, as many patients and their family members
already have preferences, including to what extent they are willing to accept the
burden of examinations and pharmacotherapy.

Socioeconomic Status
Socioeconomic status affects the risk of stroke, and the lowest income group has
a higher risk of stroke compared to the highest income group.55,56 Sex differences
have not been observed despite older age, lower education, and lower income
in women,57 although cardiovascular disease risk from low socioeconomic status
is higher in women.55 This observation of higher risk of cardiovascular disease
due to low socioeconomic status is partly, but not entirely, dependent on risk
factor profiles. Living in a deprived neighborhood, a less than adequate
household income, and a low level of education are related to a higher risk of
stroke in both men and women.58–60 In a large European study, low education
increased the likelihood of stroke in women (hazard ratio, 1.41; 95% CI, 1.16
to 1.71) with significant geographic variation in the degree to which this was
explained by risk factors.58 In US cohorts such as the Greater Cincinnati/
Northern Kentucky Stroke Study, women with stroke had consistently lower
levels of education compared to men with stroke.3 It is essential to recognize this
disparity and to ensure that educational materials are written at the lay level, that
free or low-cost medications are presented as options, and that local community
support services are identified, if available.

MODIFIABLE RISK FACTORS
Modifiable stroke risk factors are risk factors that can be modified by lifestyle
changes, pharmacotherapy, and interventions. Lifestyle varies betweenmen and
women; further, some sex differences may exist with regard to impact on risk.

Physical Inactivity
Physical activity reduces the lifetime risk of cardiovascular diseases, including
stroke, in women at least to the same degree as in men and possibly more,61 with
one study suggesting a 25% reduction in risk of major cardiovascular disease in
high physical activity compared to low physical activity and a trend toward larger
effect sizes in women.62 Physical activity has a number of beneficial effects for
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primary and secondary prevention of stroke, including reduction of blood
pressure and increasing glycemic control.

Physical inactivity is extremely common among women: 41.6 % of women
from high-income countries are insufficiently physically active compared to
32% of men.63 Physical inactivity before stroke is a stronger predictor of poor
functional outcome than body mass index,64 and as more women than men
are physically inactive, poor functional outcome will affect more women thanmen.

The frequency of physical activity generally considered in studies is
75 minutes or more of vigorous intensity activity per week or 150 minutes or
more of any combination ofmoderate plus vigorous intensity activity per week.65

Clinicians are now being encouraged to routinely measure physical activity as a
“vital sign” in primary care, which is highly relevant for secondary stroke
prevention in the appropriate individuals.66 In addition, an important aspect of
recovery is that physical activity is positively associated with improving
cognition poststroke.67

Depression, Anxiety, and Stress
Depression is a recognized risk factor for stroke, and dose dependency exists
between the severity of the affective disorder and the risk of stroke.68 Interestingly,
the impact on stroke risk with depression may be higher in men.69 However,
women have a higher prevalence of depression than men. The mechanism
behind the relationship between depression and stroke risk is at least partially
explained by higher rates of poor health factors in patients with depression:
women with depression are more likely to be single, have a high body mass
index, smoke, and be physically inactive.43

Irritability; nervousness; anxiety; sleeplessness associated with problems
including health, family, finance, or job situation; and stressful life events are
associated with an increased risk of stroke and to a higher degree in women than
in men.70 Social isolation and loneliness are also risk factors for stroke and
acute myocardial infarction.71 This is important because women are more likely
to be living alone at the time of stroke. In addition, depression is associated
with worse outcomes after stroke.72

Women holding high-strain jobs characterized by high psychological stress
and low levels of control are reported to have a higher risk of stroke than women
with low-strain jobs, a difference not observed in men.73,74 This aspect of stroke
risk is underappreciated and as yet understudied.

Sex Differences in Risk Factors Modified Pharmacologically
A number of risk factors are modified pharmacologically in addition to
promotion of lifestyle changes. Several sex differences in prevalence of risk
factors have been observed, such as hypertension and atrial fibrillation. For other
topics such as sex differences and management of carotid artery disease, we
refer the reader to the respective articles in this issue.

HYPERTENSION. After menopause, blood pressure levels increase in women, and
in patients with stroke, rates of hypertension are significantly higher in women
(60%) than inmen (56%; P<.0001), as shown in a Swedish observational study.75

No differences are seen in the impact of hypertension on stroke risk between
men and women,76 but a disadvantage in awareness of treatment and control of
blood pressure in women has been reported,77 and older women, in particular,
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KEY POINTS

● Compared to men,
women have a higher
prevalence of hypertension
over age 65, and women
with stroke are more likely
to have hypertension,
probably due to older
age of stroke onset.

● Atrial fibrillation has a
higher impact on the risk of
stroke in women compared
to men. This can be
explained by the more
advanced age in women at
the time of stroke, that atrial
fibrillation carries twice the
risk of stroke in women in
comparison to men, and,
further, women have more
severe stroke presentations
thanmen in stroke related to
atrial fibrillation.

● Women are more likely to
present with nontraditional
stroke symptoms and
mimics than men.
have a significantly lower likelihood of achieving their target blood pressures.78

Major first-line antihypertensive classes, such as angiotensin-converting enzyme
inhibitors, calcium channel blockers, and diuretics, have comparable stroke risk
reductions in men and women (CASE 7-3).79 The link between hypertension and
atrial fibrillation is well documented in multiple studies showing a significantly
higher incidence of new-onset atrial fibrillation in those with hypertension
compared to normotensive individuals.80 Given the higher prevalence of
hypertension inwomen older than 65 years of age and longer lifespans inwomen,
this may be one reason the combination of risk factors is more prevalent in
women than men with stroke, although this requires more study.

ATRIAL FIBRILLATION. Atrial fibrillation has a higher impact on the risk of stroke
in women compared to men. This can be explained by the more advanced age
in women at the time of stroke, that atrial fibrillation carries twice the risk
of stroke in women in comparison to men, and, further, women have more
severe stroke presentations in stroke related to atrial fibrillation than men.81,82

Women may have more benefit from non–vitamin K antagonists than from
vitamin K antagonists compared to men,83 but women (and specifically older
women) were underrepresented in trials, weakening this conclusion. A 2017 US
report based on 691,906 people with atrial fibrillation reported that women were
significantly less likely to receive oral anticoagulants at all levels of the
CHA2DS2VASc (congestive heart failure, hypertension, age 75 years or older,
diabetes mellitus, stroke, vascular disease, age 65 to 74 years, sex category
[female sex]) score.84

STROKE SIGNS AND SYMPTOMS IN WOMEN COMPARED WITH MEN
Studies that examined differences in stroke presenting symptoms published in
the past 10 years found that, in general, women are more likely to present with
nontraditional stroke symptoms compared to men.85–89 Nontraditional
symptoms included headache, fatigue, disorientation, lightheadedness, nausea,
hiccups, nonfocal weakness, chest pain, palpitations, shortness of breath,
difficulty understanding, change in vision, feeling “funny,” fatigue, malaise,
impaired or loss of consciousness, and altered mental status.86–89 Overall, no major
differences in the most common stroke symptoms are seen between men and
women.88Nontraditional stroke symptoms could lead to delays in stroke recognition
and, thus, delays in brain imaging and acute stroke evaluation.85

In addition, women are more likely to present with stroke mimics, including
complicated migraine, seizure, neoplasm, metabolic disturbances, spinal cord
lesions, and psychiatric conditions (functional neurologic disorders). A
meta-analysis reported that female sex predicted a higher risk of nonorganic
stroke mimics90; in a large study of unselected stroke patients, 33% of women
versus 26% of men (P<.001) had a final stroke mimic diagnosis.91 Again, this is a
factor that can interfere with timely evaluation of possible strokes and
create delays.

It is, however, important to acknowledge that patients come “in packages,”
with age, multiple comorbidities, and physical limitations that may be associated
with their presentation when seen in the emergency setting. For example,
women tend to be older; live alone; havemore comorbidities; and bemore prone
to cardioembolic stroke, more severe strokes, and unusual presentations. Men,
on the other hand, tend to be slightly younger and more frequently have large
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vessel disease. Also, early studies of sex differencesmay not have adjusted for age
and prestroke comorbidities/function, which often explains much of the
variation between men and women.

ACCESS TO TREATMENT
In the acute stroke setting, women tend to have longer times from arrival to
imaging.85 Although study results vary, drawing definitive conclusions about sex
An86-year-oldwomanwas admittedwith left hemiplegia andanosognosia.
She had likely been lying helpless on her kitchen floor for 10 hours before
being found. Before the stroke, she was a completely independent
widow living an active life. She had uncontrolled hypertension (treated
with a thiazide diuretic and candesartan) and hypercholesterolemia
(controlled by simvastatin) and used vaginal estradiol.

On admission, her blood pressure was 190/95 mmHg, and her National
Institutes of Health Stroke Scale score was 12. Noncontrast head CT
showed a probable ischemic stroke with hemorrhagic conversion in the
rightmiddle cerebral artery territory (FIGURE 7-5A). CT angiography showed
no large vessel occlusions or significant atherosclerosis in precerebral or
intracranial arteries (FIGURE 7-5B). Diffusion-weighted and fluid-attenuated
inversion recovery (FLAIR) MRI on day 3 confirmed the diagnosis of
ischemic infarct with hemorrhagic conversion (FIGURE 7-5C and FIGURE 7-5D).
All blood tests were within the normal range, but ECG revealed long
periods of atrial fibrillation, despite sinus rhythm on admission.

In this case, the question is whether the patient’s blood pressure had been
controlled before the event, and, if not, why a more aggressive approach
to blood pressure reduction than a thiazide and candesartan had not been
used. Overwhelming evidence exists of the risk reduction from blood
pressure lowering, including in the elderly. Hypertension also increases the
risk of atrial fibrillation, andwomenwith stroke have a higher prevalence of
both risk factors than men with stroke. This is essential information for
primary care providers to use for primary prevention of stroke in elderly
women.
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differences is limited because not all studies were specifically designed to detect
sex differences andmost were conducted in settings providing specialized stroke
care.85 Barriers to acute stroke treatment in women have been reported, but
studies showing longer door-to-needle times in women are conflicting. The
American Heart Association’s Get With The Guidelines-Stroke database found
delays in women,92,93 but this was not shown in European studies.94,95 Some
studies have also suggested women are less likely to receive diagnostic
FIGURE 7-5
Imaging of the patient in CASE 7-3. Axial noncontrast CT shows a probable ischemic
stroke with hemorrhagic conversion in the right middle cerebral artery territory (A). CT
angiography shows no large vessel occlusions or significant atherosclerosis in precerebral
or intracranial arteries (B). Axial diffusion-weighted (C) and fluid-attenuated inversion
recovery (FLAIR) (D) MRIs on day 3 confirm the diagnosis of ischemic infarct with
hemorrhagic conversion.
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investigations and acute treatment compared to men.96,97 The authors speculate
that this may be because of older age and less traditional presentations that are
not immediately recognized by emergency personnel. More strokes occur in
women older than 80 years of age, leading to more women being excluded from
receiving IV thrombolysis based on age criteria than men98 despite documented
benefit in this age group.99 More restricted access to secondary prevention has
also been reported in women, possibly because of an interaction with
socioeconomic variables.100–102

STROKE OUTCOMES
Women have been consistently reported to have worse outcomes after stroke
thanmen, but, again, this is a result of older age at the time of stroke onset, worse
prestroke functional status, and multiple comorbidities in women. Of these
factors, prestroke function appears to be the main contributor to outcome. Even
after adjustment for these confounding factors, however, women still do
worse.103 Rehabilitation after stroke is the key to better outcomes, specifically to
improving functional independence and reducing the risk of rehospitalization.104

Sex differences regarding access to rehabilitation have not been extensively
studied, but one study of Medicare claims showed that women were more likely
than men to be discharged to a skilled nursing facility rather than inpatient
rehabilitation, although women were also more likely to receive home health
agency visits and physical and occupational therapies than men.105

The physiologic differences that could affect recovery are still not clearly
understood. An Italian study matched men and women by age, stroke severity,
and time from stroke and found that women were more likely to walk with aids
and less likely to climb steps or perform activities of daily living independently
than men. A difference in depression by sex was not seen in the study
participants.106 These results suggest that sex differences could be related to
muscle recovery, physical activity before stroke, or approaches to disability, with
women perhaps feeling less secure, but the data could not prove any of these
possibilities.106

GENERALIZABILITY OF STROKE TRIALS TO WOMEN
Clear differences exist between males and females at the cellular level relating
to cell death pathways and how male and female cells respond to certain
neuroprotective drugs that target these pathways. This could be an important
factor in future drug development for stroke treatment.107

Unfortunately, representation of women in published stroke clinical trials is
lower than the general eligible population. The lack of real-world representation
in trials results in lack of knowledge of benefits and harms, especially in older
women, potentially leading to withholding a beneficial treatment or inflicting
harm. One example is thrombolysis; a population-based study (not a clinical
trial) reported that selecting 80 years as the upper age cutoff for thrombolysis
excluded 19% of all male patients but 44% of all female patients.97 Drugsmay also
present different risk-benefit ratios in different demographics. Some evidence
shows that this is also the case in relation to drugs used in stroke: the risk
reduction from anticoagulation in atrial fibrillation (both in non–vitamin K oral
anticoagulants and vitamin K antagonists) is likely to be smaller in women than
in men.108,109 To address the inequities of biomedical research, the National
Institutes of Health (NIH) has issued requirements for inclusion of sex as a
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KEY POINTS

● Women have worse
outcomes after stroke than
men, a result of older age at
biological variable in study designs and analyses.110 It is hoped that these review
criteria will increase the reporting of data that are disaggregated by sex and allow
more generalizability of results to the men and women eligible for new
treatments for stroke in the real world.
the time of stroke onset,
worse prestroke functional
status, and multiple
comorbidities in women.

● Women are
underrepresented in many
clinical trials of stroke
treatments, limiting the full
understanding of both
benefits and harm in
women.
CONCLUSION
Stroke affects women differently than men, primarily because of their unique
reproductive issues and overall longer lifespan. Understanding these issues is
important for clinicians, especially to recognize that women may have more
confusing presenting symptoms and mimics that delay the acute stroke
evaluation. In addition, outcomes after stroke inwomen are primarily influenced
by older age and prestroke status, but this should lead to more personalized
treatment, not less treatment. If we adopt amore holistic approach to prevention,
rehabilitation, support, and clinical trial representation, we will have a better
understanding of how these complex issues affect care for bothmen andwomen.
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